Following a widespread epidemic of rubella in the United States in 1964, many infants born from mothers who suffered from infection during their first trimester were found to have congenital abnormalities. Several attempts to find if there was any visible chromosomal damage which might play a significant etiologic role in this embryopathy were reported (Mellman et al. 1965; Chang et al. 1966; Nusbacher et al. 1967 ). However, their results were diverse, and no conclusion was obtained.
Although there are various types of chromosomal aberrations in congenital anomalies called "gametopathies", little is known about their etiologic mechani sms, except in some cases of heritable (familial) chromosomal conditions. Since each chromosome carries a number of genes, certain chromosomal change may naturally produce so many gene rearrangements and thus might cause certain congenital anomalies, In fact, it was postulated that infectious hepatitis might produce cases of Down's syndrome (Stoller and Collman 1965) , although a con troversial opinion was also reported (Stark and Fraumeni 1966; Leck 1966) .
The purpose of this paper is to describe the results of a study on the relationship, if any, between viral infection and chromosomal aberrations using short term culture in vitro. Three different viral infections, i.e., measles, chickenpox and mumps, were selected for this purpose, and this is a first published report in Japan on this subject.
MATERIALS AND METHODS
All chromosome studies were carried out on samples of peripheral blood. For chromosome preparation, a modification of the technique of Moorhead et al. (1960) was employed. Numerical and structural aberrations were analyzed on each sample independ ently by several observers in our laboratory. Only those samples in which more than 50 cells suitable for chromosome analysis were included were taken for materials. The morphological anomaly was scored by the method used by Bloom et al. (1966) and by Reisman et al. (1967) .
The chromosome studies were made on 32 samples obtained from 25 cases of measles, on 47 samples from 34 cases of chickenpox, and on 47 samples from 40 cases of mumps. The diagnosis of the viral infection in each case was well documented on both clinical and laboratory grounds. In cases of measles infection, the diagnosis was ascertained by a significant rise of complement fixing (CF) antibody titer.
Most cases studied were derived from the Department of Pediatrics, Sapporo Medical College and from the Nishi-Sapporo Hospital, the National Sanatorium, during a period from September 1969 to April 1970.
Twenty subjects ranging from 3 to 7 years of age were given live measles vaccine (Institute of Microbiology, Osaka University), and 55 samples were taken directly before, and at 1 and 3 weeks after the vaccination.
Two groups of control subjects were prepared to study the incidence of structural anomaly of chromosomes during the study period. One group consisted of 5 healthy adults and 20 healthy children, whereas the other group consisted of 8 patients with Down's syn drome. The control cases were strictly selected in order to exclude those who had any evidence of recent episode of viral infection, radiation or drug administration.
RESULTS
In the control group consisting of 5 adults and 20 children without any evidence of clinical abnormality, the average incidence of cells manifesting at least one item of structural abnormality was 1.7%, ranging from 1% to 8%. The average incidence in the other control group consisting of 8 patients with Down's syndrome was 1.4%, with a range between 0 and 2%.
In measles infection, there were several cases in whom cells manifesting structural aberrations during the 2nd and 12th days of the skin rash were in apparent excess of the average value found in the control groups. However, in none of these cases whose blood withdrawals were done serially, the demonstra tion of the increase of chromosomal damage was achieved (Fig. 1) . In all of these cases, the antibody response in CF test was demonstrated after the 4th day of illness.
In chickenpox infection, there was no case who showed an increase of cells In mumps infection, there were several cases who showed high incidences of chromosomal aberrations during the 2nd and 13th days of the onset. The average total incidence of chromosomal aberrations in mumps was 2.8%, which was slightly higher than the incidences in the other two viral infections (Tables 1, 2, 3, Figs. 1, 2, 3 ). These structural abnormalities in mumps were frequently observed on large chromosomal groups, i.e., chromosomes of groups A, B and C ( Table 3 ). The chromosomal damages were frequently seen on the upper third and middle portion of the short arms of the group A chromosomes and on the middle and lower thirds of chromosomes of groups B, C and D (Fig. 4) .
The incidence of chromosomal abnormalities following the measles vaccina tion revealed no significant increase at least at one week and 3 weeks after the inoculation (Fig. 5) . Of the structural abnormalities, centric, dicentric and exchange configurations were not seen. No numerical aberrations were observed except in some hypodiploid cells which were finally judged as random loss of chromosomes during the prepara tion. et al.
DISCUSSION
The average frequency of structural aberrations of chromosomes in the control group was slightly lower than hitherto reported values ( Table 4) . As any skilled examiner would always experience, these values are not considered consistent, and therefore, a control work in which materials are taken during the same period should always be done. The apparent absence of chromosomal damage in cases with chickenpox reported here is in contrast to the results of Aula (1963 Aula ( , 1964 ) and of Gripenberg (1965) . Several of cases with measles or mumps showed incidences of chromo somal changes higher than the values in the control sujbeets, although the dif ference in incidences was only slight. There was no evidence of cells with numeri cal and structural aberrations in the subjects who received vaccination against measles. This was not in agreement with the result reported on patients with measles by Nichols (1963) , nor with the result reported on vacciniavirus by Baldauf et al. (1971) . The discrepancy was also remarkable between the present result and the result reported on yellow fever vaccination by Harnden (1964) .
The reason for the controversial results of the incidences of chromosomal damage by viral infections is not known at the present time. Several factors for this might be enumerated. First of all, anyone may easily suspect that the difference in technique employed for the chromosome preparation may be responsible for the difference. However, this is not likely as Aula (1964) has noted. The relatively low value for the incidence of chromosomal damage reported in the present study may not be due to misreading or error by the observer's unskilled technique, since with the same technique employed in the present study , we have found as a high incidence of structural abnormalities as up to 56% in a case whose clinical diagnosis was Fanconi's anemia (Kadowaki and Okochi 1970) . Nichols (1970) postulated that the difference in sampling days during the course of disease was a key factor for the diversity of results . However, this also does not appear to be an important source of diversity in the present study, since many of the samples were taken on different days after onset of the diseases , with an exception of the survey after measles vaccination, in which samples were taken at one week and at 3 weeks after the vaccination.
It is of interest to note that, in the early stage, the lymphoid proliferation is extensive and that the lymphoid turnover is rapid (Nusbacher et al. 1967) . It has been known that the immune state may develop differently according to age, although the relation between the immune state and the structural changes of chromosomes has not been proven.
When the growth disadvantages of the cells having this type of damage is taken into consideration, it is naturally suspected that the minor population of such cells night have escaped the detection. This possibility cannot be ruled out in interpreting the present result. It is also likely that the cells having severely damaged chromosomes might not enter into division (Stich and Yohn 1970) , and that the cells moderately damaged chromosomes might remain undetected, due to their unsuitability for precise structural analysis.
If one assumes that there might be the difference of a break-inducing factor or a chromosome breaking ability of the virus, it might rationally explain the source of discrepancy, irrespective of the mode of action of the assumed agent, whether it may be a directly acting factor, or may act through an activation of lysosomal enzymes (Allison and Paton 1965), or may act through an immunologic mechanism, or whatever else it may be. In this connection, it is of great interest to note that a difference in incidences of congenital rubella syndrome has been reported between Ryukyus and Japan proper (Kono et al. 1969 ). This difference is now considered to be due to a difference in the teratogenicity of the virus itself but not due to the difference in the host responsiveness against the virus.
We have found that, in collecting samples from patients with measles infection, it was often difficult to obtain a satisfactory number of mitotic cells during a certain period of the disease , and that this phenomenon was accompanied by an impairment of lymphoblastogenesis. However, in sub jects who were inoculated with live measles vaccine, similar phenomenon was not encountered (Fig. 6) . It is also of interest to note that, during a certain period of measles infection, a temporary suppression of cutaneous delayed hypersensitivity to tuberculin (von Pirquet 1908) and a reduction of lymphoblastogenesis stimulated by phytohemagglutinin (PHA) in vitro are observed.
A temporary suppression of delayed hypersensitivity without any decrease of in vitro lymphocyte response to PHA after measles vaccination was reported by Fireman et al. (1969) . A PHA unresponsiveness of lymphocytes from babies with congenital rubella syndrome was also reported (Olson et al. 1967) . Although several hypotheses for the suppression of delayed hypersensitivity and for the derangement in lymphocyte response to PHA have been presented, no conclusion has as yet been obtained.
In measles infection, the breakage was found to occur in specific portions of chromosomes (Nichols 1963) . The observation on mumps in the present study was somewhat different from that reported by Nichols, and the chromosomal damage was generally found in groups of large chromosomes, but not in groups of smaller ones.
An important question coming next is how this type of chromosomal injury is responsible for congenital anomalies. When gametopathy is produced, it is not likely that the chromosomal anomaly is limited to somatic cells. On the contrary, the chromosomal anomaly should also involve the germ cells, and the proportion of abnormal cells in somatic tissues does not necessarily mean that the same proportion of abnormal cells are present in the gonads. Granted that a certain number of cells with morphological chromosomal abnormalities are present in the gonads, another important problem is whether there are any predisposing factors or not, which may affect the morphological anomalies to result in the evolution of numerical chromosomal anomalies responsible to congenital abnormalities. At present, no evidence answering this question is as yet obtained, although in the case of congenital trisomy syndromes, the non-disjunction or anaphase lagging is considered to be a causative event.
Cases with Fanconi's anemia and cases with Bloom's syndrome, known to have high incidences of structural abnormalities of chromosomes, have high risks of developing malignant neoplasms (Bloom et al . 1966 ). An enhanced transforma tion rate of previously damaged cells due to viruses has been reported (Tadaro et al. 1966) . It was also reported that the tissues of patients with Fanconi's anemia might be more sensitive to chromosome breaking agents and viruses than in other cases (Swift and Hirschhorn 1966) .
In noeplasms and leukemias , numerical abnormalities of chromosomes are frequently observed (Sandberg and Hossfeld 1970) . However, these chromosomal changes do not usually show any constant aberration except in patients with chronic myelogenous leukemia having Ph1 chromosome . Still many other problems remain unsolved, and much work should be done in the future in order to establish the role of viruses in the development of congenital anomalies .
